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DECLARATION OF DAVID S. GOLDFARB UNDER 37 CFR § L132 
Mail Stop: Amendment 

Commissioner for Patents 

P.O. Box 3450 

Alexandria, VA 22313-1450 

Dear Sir: 

1, David S. Goldfarb, pursuant to 37 C.F.R. § LI 32, hereby declare: 

J . I am an inventor of the above-identified application. 

of Roch.. / K ' ' ''^P^'^^"^ University 

T ' ''''''' -"'-^ ^^'y ' April 1988 

Rochester. From May 1993 to Jtme 1998, 1 was an Associate Professor. 

^ . * '"^"^ ' Ph-^- Biochemistry in 1983 th,m the Universitv of 

S n Diego. My research interests include: nuclear tmnsport, nuclear envelope, autophagy 

15 tespan, and stress response. ' 

4. I am presenting this declaration to (1) demonstrate that the studv of yeast 
rc^hcativehtbspanisrelevant to thephysiologyofagiogmhigher animals, and (^^ 
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add„:,o„aI cvrfencc de„K>„s,„«i„, d,M .he screening «say of the preset, i„e„Uon fei.hfullv 
reproduce. ™por..„. fea.urc. of fte s.andard yee,, replicaHve Uie.pa.. For ftese reasons, .'he 
™e,h„d. (assays) as clawed ,„ ftc present ,„ven„on r„ a valid appro^h for ,de„,iM„„ 
env,ro„„,e„,a, and ge„e,,e ,nod,«ca..o„s tha. may alter lifespan i„ both yeas, and hrgher a^nTais. 

IW Replicative Lifespan is ,„ p,,^,^^. „/i,y,,^„„ .„ ^^^^^ ^^^^ 

5. The present application describes a novel replieative lifespan assay in 
yeas, and methods ,or osing the assay ,„ identiiy e„v,r„„n,e„,a, stouli or genede n,odi<iea.i„„s 
wh,ch al.er lifespan. As se. tbrti, in paragraphs 6-9 below, yeas, a„ art-aeeep.ed models for dre 
«udy of aging and have proven nseiul in 4e iden,iflea«„„ of genes involved in aging in higl,er 
organisms. Therefore, Ute meftods described and claimed in fte present application are 

appl.eablef„rfteiden«fiea,i„„ofe„vin,nmen.alstim.Ji or genetic modifications *at may 
lifespan m yeast and other organisms. 

6. TTiough research into factors that detennine the lifespan of animals is in its 

.nfancy.there already exists ample scientific evidence ftat the studyof yeast replieative lifespan' 
.s relevant to the lifespan of other animals, includmg vertebrates and mammals. „ ,s ,me tha. no. 
all aspecs ofmammalian aging and lifespan can be studied in .simplemodei sys.ems such as 
yeas,. Combmattons of -pnvate" and -public" meehamsms detennine flte lifespan of eukatyotic 
organisms. "Public" mechanisms of aging are evolutionarily conserved among disparate 
o,-ga„isms;wh«as -pnvate" mechanismsofaging are specific toagiveno,B»ismoraclosely 
related ^oup of o,Banisms"(SmithetaI.."Oenome-WideIde„ttficationofCo„se„ed Longevity 

OenesmYeas,andWorms."Wec««„.4g,-„jWAr«fop.l28:106-ni(2007)atl06(eopv 
attached hereto as Exhibit 1)). 

7. The best understood public aging pl-cnomcn... ,s c.l.t.c ^Mnction (CR) 
CR, wh,ch generally i^^oIves moderate reductions ,n food .u.K. h.en .i,ou. to extend the 



Hfijspan of yeasts, fruit ihcs hohds and 



"! al , "Cdhnu, RK^iT^aum and the 



Nutrient Sensing Sign.iht," Pjihu n s ( n \i ,! i v r^^r-. 
("OUova") (copy attache. „.a<, K.„hit 2), CR is an "ancienr phenomenon that evolved in 
smgle-cell eukary.tes mUHons of years before the appearance of metazoan anin^als. Undn^aric 
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studies on the molecular mech.n.sm of CR in yeas, have led .., breatahroud,. in ,he 

understanding of CR in »e,a.„a„ a™„,„,s. T,,e existence of gene. ,l,a, regulate h-fespan via CR 

ftrs, dentonstraW in yea., wi.l, .he d.scovery ,ha. ovcxpression of the .sirtuin protein 
S>r2p, cx.ends yeast repl.canve lifespan (Lin e. al., »Requi,«nent of NAD and for I ifj- 
ipan Extension by Calorie Restriction in 5<,ccWmx^, eer^ife-' tee^^^ 
aOOO, a, 21 28 (copy attached hereto a., Exhibit 3)). Genetic studies have s.nce- extended these 
results to show tha, simtins regulate lifespan i„ ,hc wonn, C and in the fi.i, fly „ 

n,e,anogas,er (Haigis et al.. .'Matnmalian Sirtuins^-E.erging Roles ,n Phys.ology. Aging „d 
Calone ResUrction," Gene. De.-elop. 20:2913-2921 (2006) at 2913 (copy attached her«o as 
E.h,b„ 4,). Therefore, the role of flte sittuins in the lifespan of evolutionarily distinct anitnals 
was first discovered in yeast. 

8. The pursuit and discover "f small molecules that can delay ag^related 

cLseases and increase lite.span in .natnmals was diteeted by early studies on flte „,le of yeas, 

S>r2p ,n replteadve lifespan. Tlte study of mammalian Sir2p-like proteins has focused attention 

on the strtuins as potential phannaeological targets to treat the major diseases of agtng (P„,-c„ 

and Charugi, "The Emerging Therapeutic Potent.al of Sirtuin-lnteract.ng Drugs From fell 

Death to Lifespan Extension." Trend. Pkar.. ScL 26(2)..94-,03 ,2005) at 99-101 (copy attached 

hereto as Exhibit S„. An ,„ W,™ biochemical scree, for small molecules tha, activate dte 

mammalian Sir2p homolog, SlRTl, led to the flndtng that .heplant compound tesverah.! ,„ay 

act as a "caloric restriction mimettc" (How.tz e, al., "Small Molecule Activatot. of Sittuins 

Extend WWmyce. cera^siae Lifespan," iV<,m.e 425:191-196 (2003) at 192-193 (copy 

attached hereto as Exhibit 6)). ResveratK-l inerea.ses the lifespan of yeast. Wt flies and a 

>e«ebrate fish. Resverattol also mitigates sev^l deletenous phv.oloccal ertcus of a high- 

ealone diet in mice (Baur et al.. "Resveratml improves Health and St,r, n al „f M,ec on a High 

Calorie Die,." .V.mre 444:337-42 ,2,„„„ .., . , ,s-.„„e„n> ,t,a.hed hceio as |.-xhibi, 7) 

A separate study in mice has nhv Jc^nonstrj^ (i -h ,( , 

<isLi,j..ts hal 1, M cuitHii proa-cLs animals against diet- 

' Li at., kesveratTo! Improves Mitochondrial 

.-iu,„u and iNnoc-t. Against Metabul.c D,.ca<c b> Activating SIRTl and PGC-Ja " Cell 127- 
iI09-n22(2()()6)at 1110, II7(eopyaltachedheretoas Exhibits), Other examples of public 
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mechanisms of aging are reviewed by Dilova, and include the TOR signaling pathway aiid 

glucose-sensing pathways (Dilova at 754-756). 

9. The Faults described in paragraphs 6-8 above prove that the study of yeast 
replicative lifespan is directly relevant to public aging and senescence mechanisms that are 
conserved m higher animdl^ \^ LOfjtli.dcd bv Diltn a h\ tng to iho i e-n<if K.tblc evolutionary 
conservation m longe\it\ icgulatmg piolems and signaling path\\d\s studies nt longevity 
regulation m model oiganisms ha\ e contnbutod and \s dl continue to pio\ idc a ealth of 
information lelcxant to human aging and agc-assoLijted diseases" (eniphat>]s added). Exhibit 2 at 
762. Thereiuie the stud\ ut \cast lephcatu c litespan can pto\ ide incdnmgiul idcntili cation of 
"public" mechanisms of aging with respect to both environmental and genetic modi ti cations. 

The DeaD Assay is a Valid Model for the Study of Yeast Replicative Lifespan 

1 0. Replicative lifespan in yeast is defin<^ as the number of daughter cells 
produced by an individual mother cell before the mother cell undergoes senescence and dies. 
(Bitterman et al., "Longevity Regulation in Saccharomyces cerevisiae: Linking Metabolism, 
Genome Stability, and Heterochromatin.'\McTOZjiV?/, Molec, Biol Rev. 67(3):376-399 (2003) at 
378 ("Bitterman") (copy attached hereto as E.xhibit 9)). Replicative lifespan is u.sua]ly 
expressed as the median lifespan of a cohort of cells. The standard replicative lifespan assay 
currently in wide use typically involves counting the number of daughter cells produced by 30- 
60 individual mother cells positioned carefully on an agar plate. The replicative cycles of the 
mothers are monitor^ by light microscopy throughout the day. Each new daughter cell is 
counted and removed by micromanipulation, leaving only the mothers to replicate or die. 
Depending on the maximum lifespan of the strain, it takes between one to two weeks for a 
skilled person to complete a set of up to about eight assays, assuming the cells are refrigerated 
overnight. By example, the replicative lifespan of a yeast strain with an average doubling time 
of 120 minutes and a maximum lifespan of 50 generations can be completed in ten 1 0-hour days. 

1 1 . The present invention represents the development of a faster, high 
throughput, and less labor intensive replicative lifespan assay that will greatly facilitate the 
continued study of aging in yeast. Paragraphs 12, 13, and 14 below describe additional 
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\alidat)*ni dfthe present assa>. uhich iSListKres Us vjpac t\ to reproduce the important features 
ot } ea>i rephcait\e siiespan, I liis ^\ork salidaics thij^ model for use in identifying both 
environmental stimuli and genetic modifications which have the potentiaJ to alter lifespan. 

12. I lie DeaD assj) oPthe present in\ention allows the analysis of aging 
gciics bv .^vs.ieniatie mutagenesis. Kxaniples 1 and 2 of the present invention demonstrate tiiat 
the DeaD assay reproduces lifespan-shortening deletions of the known aging genes SIR2 and 
SGSL respectively. The DeaD assay can be employed in large scale systematic studies aimed at 
delineating the amino acid residues that are critical for the activities of important aging proteins. 
As shown in Figure 1 (below), the delcticni {'fiiic \\c)l-ktK)\Mi agitig gene, SGSL causes reduced 
replicative lifespan by the DeaD assay (curve \}^sl). Ihe introduction of a plasmid-borne copy 
of wild-type SGSl into the deletion strain rcscixes the short lifespan (compare curve sgsI[SGS]] 
with the parental curve). An identical plasmid lacking the SGSI gene did not rescue the lifespan 
defect (not shown), ITiese results demonstrate that the assay is an efficient method for screening 
among systematically inserted point mutations (genetic changes that alter a single nucleotide or 
amino acid position) of the SGSJ gene for those that can or camiot rescue the lifespan of an sgsl 
mutant strain. The generation of large numbers of point mutations in genes is a standard and 
trivial practice. What is not trivial is the large-scale measurement of replicative lifespan. Tlie 
method of the present invention can be applied tor any gene whose deletion causes a reduction or 
extension of li fespan, such as S/Ji2. This type of analysis requires as many as one hundred or 
more lifespan assays, which is highly impractical when using the standard microdissection 
lifespan assay as described in paragraph 1 0 but relatively easily performed using the assay of the 
present invention. 
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13. One of the most tamoiis results in the aging field was the demonstration 
that the over-expression of SIR2 in yeast extends reproductive lifespan. Example 1 of the present 
application danonstrates that deletion of the SIR2 gene shortens yeast lifespan as measured using 
the DeaD assay. As demonstrated herein, over-expression of SIR2 increases Hfespan. In Figure 
2 (below) it is shown that yeast repHcative lifespan varies in proportion to the level of SIR2 
expression. In this experiment, four different promoters of variable strength were integrated 
upstream of the S1R2 chromosomal locus and the replicative Hfespan of these four strains, plus a 
parental strain, were comparcxi by DeaD assay. The under-expression of SfR2 using the weak 
CYC promoter reduces lifespan relative to the parental by DeaD assay and standard assay (not 
shown). The over-expression of SIR2 using strong TI J ' and GFIJ promoters extends lifespan 
relative to the parental. These results arc important ior two reasons. First, they show that the 
DeaD assay reproduces the role of SIR2 under- and over-expression on lifespan. Second, they 
show that the DeaD assay is capable of identifying genetic alterations that cause lifespan 
reduction and/or extension. 




parental CYCpr:SIR2 ADHpr:SIR2 TEFpr:SlR2 GPDpr:Sm2 



Figure 2. DeaD assa> rtpuxlurcs the 'clat tni'^hip hav ccn S/RJ expsession level and longevity. 
Nonnalized DeaD assj\ iiksp I .i t-cMtnii^ urvn ^ i Id i v |k S//C or genes expressed using 
transcriptiona] promolcss v.f ]in.,rs., mi -^huiplh (t ) t Aj )//, iLt, and (tPD). 



1 4. The DeaD ^say of the present invention allows the analysis of 
environmental factors that influence aging. This is relevant to both "public" mechanisms as well 
as "private" yeast mechanisms of aging. The experiment described below further validates the 
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use of the DeaD assay to assess the affect of various envrronmenlal factors. Nicotinamide is a 
vilamin B3 precursor known lo inhibit. Sir2p and shorten replicative lifespan (Anderson et al. 
"Nicotinamide and PNCl Govern Lifespan Extension by Calorie Restriction in Saccharomyces 
cerevisiae:' Nature 423:181-185 (2003) at 181 (attached hereto as Exhibit 10)). In Figures 3A- 
C (below), it is shown that nicotinamide reduces yeast replicative lifespan as measurcd by the 
DeaD assay in a dose-dependent fashion without affecting cell growth under permissive 
conditions (raffinose/galactose). 





Figure 3A-C. DeaD assay reproduces lifespan 
reduction by nicotinamide. Fig3A shows that 
nicofinajnide reduces growth in glucose in a dose- 
dependent fashion. Fig3B demonstrates that these 
concenti-ations do not strongly affect growth under 
permissive conditions. Fig3C shows a strong dose- 
dependent affect of nicotinamide on replicative 
lifespan. 
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In I'igures 4A-B (below), it is sho\^iii that the Hfespan-shortening aflect of nicotinamide is 
dependent on a wi ld-type SIR2 gene. Both of these results reproduce published results using the 
standard replicative lifespan assay (Bitterman, Exhibit 9, at 389). 




[nicotinamide] [nicottnamide] 



Figure 4A-B DeaD assay reproduces the ^//fi-dependence of lifespan reduction by nicotinamide. In a 
DeaD strain lacking the mating type locus HMR, relative lifespans are reduced in a dose-dependent 
fashion by nicotinamide {Fig4A), but not in cells lacking a SIR2 gene {Fig4B). 

15. Collectively, the validation experiments described in paragraphs 12-14 
demonstrdte that the assay of the present invention faithftilly reproduces results obtained using 

the standard yeast replicative lifespan assay. More importantly, these results demonstrate that 
the DeaD assay is sensitive to both genetic modifications, environmental stimuli, md the 
combination thereof Therefore, the methods described in the present application are enabling 
tor the study of yeast replicative lifespan and the identification of genetic modifications, 
environmental stimuli, and the combination thereof that may be relevant to aging in yeast and in 
higher organisms that share genetically conserved aging pathways. 
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16. I hereby decte e that all smtements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; aad further 
that these statements were made with, the knowledge that wiUfU fal$e statements and the like so 
tnade are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the 
United States Code, and that sueh vi-iilfui false statements rimy jeopardize the validity of the 
application or any patent issuing theiwn. 





